Abstract: Genetic differentiation among five populations of the Japanese freshwater crab Geothelphusa dehaani, each comprising one of three different body color types, dark brown (RE), dark purplish brown (DA), and grayish blue (BL), was examined by means of electrophoretic analysis of 16 enzyme loci. Allelic replacement was observed between the BL-type population and populations of the other two types (RE and DA) at three loci ( a Gpd, Gpi, and Sod-1), but not between the RE-and DA-type populations. The average of Nei's genetic distance (D) was 0.035 between the RE and DA populations (range of 0.013 -0.061) , 0.251 between the RE and BL populations (0.244-0.260), and 0.296 between the DA and BL populations.
INTRODUCTION
Geothelphusa dehaani (White) is a freshwater crab distributed widely on the mainland of Japan (Honshu, Shikoku, and Kyushu), Yakushima Island, and Tanegashima Island (Sakai 1976) . The habitat of this species is restricted to small streams and ponds with clean freshwater.
Juveniles of this crab hatch from eggs carried by the female, without any planktonic larval period. These characteristics suggest that the vagility or dispersal capability of this crab is very low and led to expect the genetic differentiation among populations of this species. Remarkable body color variation has also been observed in populations of this species (Chokki 1976 (Chokki , 1980 Nakajima & Masuda 1985; Sugawara & Gamo 1984; Suzuki & Tsuda 1991; Suzuki 1992; Yamaguchi & Takamatsu 1980) . Chokki (1976) classified the body color variations into three major types, dark brown (RE), dark purplish brown (DA), and grayish blue or bluish green (BL) . A distinct geographic distribution pattern of the different color types has been reported in several studies (Chokki 1980; Suzuki 1992; Suzuki & Tsuda 1991) .
To reveal the existance of genetic differentiation among populations in relation to the body color variation in this species, electrophoretic analysis has been adopted in several studies. Although Nakajima & Masuda (1985) and Sugawara & Gamo (1984) Horizontal starch gel electrophoresis was carried out as described by Fujio (1984) . Two buffer systems, TC-7 (tris-citric acid, pH 7.0: Fujio 1984) and CAPM (citric acid, 4-3-amino pro pylmorpholine, pH 6.0: Clayton & Tretiack 1972) were adopted. The 11 enzymes examined and buffer systems employed are shown in Table 1 . Genotypes were scored from phenotypes on electropherograms. Alleles at each estimated locus were designated by letters in alphabetical order, starting with the allele encoding the most anodally migrating isozymes.
The allele frequencies and heterozygosities (H), as measures of genetic variability, were (Nei 1973) was calculated from the average heterozygosity within populations (HS) and the heterozygosity in the total population (HT). Nei's genetic distance (Nei 1972) was also calculated to compare the genetic relationships among populations.
A dendrogram of the genetic relationships among populations was constructed by using UPGMA (Nei 1987 Sample sizes indicated in parentheses.
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one population. The remaining two loci (Mdh-2 and 6Pgd) showed rare variants. Allele frequencies at nine loci exhibiting variation in at least one population are shown in Table 2 . At these loci, the observed frequencies of genotypes were in good agreement with the expected values under Hardy-Weinberg equilibrium in each population ( X2 -test, P > 0.05). Heterozygosity (H) calculated from allele frequencies at the 16 loci in each population was from 0.034 to 0.066, the average (HS) being 0.049, and the value of heterozygosity in the total population (HT) was 0.135. The coefficient of gene diversity (GST) was 0.637, which indicates that 63.7% of the total gene diversity in this species is found among populations.
The most frequent allele at five of the nine loci showing variation (Aat-1, Ldh, Mdh-2. Odh, and 6Pgd) was the same in all populations. At the remaining four loci (Aat-2, a Gpd, Gpi, and Sod-1), however, the most frequent allele was remarkably different between populations ( Fig. 2 and Table 2 ). At three loci (a Gpd, Gpi, and Sod-1), allele replacement was observed between the BL population on the one hand and the RE and DA populations on the other. Within the RE-type, the most frequent alleles at Aat-2 in the Akiyoshido population and at Gpi in the Kinkazan population were not observed in other populations.
However, the most frequent alleles at all loci in the DA population (Akeno) were the same as those in the RE populations.
Nei's genetic distance (D) between all pairs of populations was calculated from the allele frequencies at the 16 loci (Table 3 Within the RE-type, however, D values varied from 0.022 to 0.072, with a mean of 0.048, and were larger than those between the RE and DA populations.
A dendrogram (Fig. 3) was constructed, using UPGMA, from the matrix of Nei's genetic distance ( Table 2 ). The RE and DA populations were clustered together and the BL population was only distantly related to them. (Slatkin & Maruyama 1975) . Evidence for the importance of gene flow in affecting the distribution of genetic variation among populations is often inferred from a species' potential for dispersal. Generally, freshwater organisms with limited means of dispersal, or insurmountable barriers to movement, often display a significant degree of population structure in comparison with marine organisms.
In fish and decapod crustaceans, several studies have revealed that the level of genetic differentiation among populations of freshwater species is larger than that in marine species (Gyllensten 1985; Chow & Fujio 1987) . The ecological characteristics of G. dehaani, including the restricted habitat and the lack of a planktonic larval stage, led us to suspect that genetic differentiation must have taken place between populations. In this study using electrophoretic analysis, the coefficient of gene diversity (GST) showed that 63.7% of the total gene diversity in G. dehaani lies among the populations examined. Futhermore, the most frequent allele was different among REtype populations. These results indicate that remarkable genetic differentiation has occurred among populations of this species, even those of the same body color type. Aotsuka et al. (1995) also found considerable differentiation in allele frequency between DA and BL populations, and within BL populations, in a very restricted area. Chokki (1976 Chokki ( , 1980 examined the geographic distributions of the three color types in the northern and central parts of Honshu. In the northern part (Tohoku District), only the DAtype was found, whereas in the central part (Kanto and Tokai Districts), all three color types were distributed allopatrically or parapatrically.
The distributions of the three body color populations in this study are almost identical to the above reports, except for the RE population of Kinkazai in the Tohoku District. A detailed investigation of the distribution of color types in this area should he made.
Regarding the level of genetic differentiation, Nei (1975) found that the genetic distance (D) was approximately 1.0 between congeneric species, but approximately 0.1 among subspecies and 0.01 among local races. In decapod crustaceans, the average genetic distance between congeneric species is 0.44 (Hedgecock et al. 1982) . According to these rough criteria, the D values (0.013 -0.072) between RE-type populations and between RE and DA populations fall into the range of local races of subspecies, while the D values (0.244 -0.296) between the BL population and the other two color types fall into the range of subspecies or congeneric species.
The dendrogram constructed on the basis of the genetic distances (D) between the five populations showed that the RE and DA populations are more closely related than either is to the BL population. The allelic replacement at three loci ( a Gpd, Gpi, and Sod-1) observed between the BL type and the other color types contributes greatly to this result. The existence of these three divergent loci suggests that the evolutionary lineage of the BL-type populations differs from those of the other two types. On the other hand, no allele replacement was observed between the RE and DA populations and the genetic distance between the two types was smaller than that between populations of the RE-type. This suggests that the differentiation between the RE and DA body colors was independent of the genetic differentiation indicated by electrophoretic analysis.
